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ABSTRACT 
Single crystals of Mg2Ge have been obtained from melts 
of the constituents, and Hall effect and electrical resistiv­
ity measurements have been made from 77 °K to 1000°K. Undoped 
crystals were n-type and had saturated impurity carrier 
concentrations as low as 3(10)1^ cm~^; silver-doped crystals 
were p-type and had saturated impurity carrier concentrations 
roughly proportional to the amount of added silver. For one 
of the high purity n-type samples donor levels were located 
approximately 0.04 ev and 0.08 ev below the conduction band. 
The room-temperature Hall mobilities were observed to be 
2 2 280 cm /volt-sec for electrons and 110 cm /volt-sec for holes. 
The hole mobility observed in the extrinsic region (120°K to 
350°K) of the highest purity p-type sample and the mobility 
difference observed in the intrinsic region (350°K to 700°K) 
—P 0 
of the n-type samples varied with temperature as T" ' . The 
—? 0 
mobility difference was found to decrease faster than T~ 
above 700°K. The width of the energy gap at absolute zero, 
as determined from the temperature dependence of both the 
resistivity and the Hall effect in the intrinsic region, was 
0.69 +0.01 ev. 
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I. INTRODUCTION 
A. Purpose of Investigation 
The purpose of this work was to prepare single crystals 
of MggGe and to measure and interpret their electrical proper­
ties. In particular, the Hall effect and electrical resistiv­
ity were to be studied as a function of temperature and im­
purity content and the results interpreted in terms of the 
existing theory of semiconductors. 
B. Prediction of Semiconductivity in MggGe 
Semiconductivity is closely connected with crystal struc­
ture. MggGe has the antifluorite structure which consists of 
a face-centered cubic lattice of germanium atoms with a mag­
nesium atom in the center of each octant of the unit cell. 
This structure has the symmetry of the space group 0^. There 
are two theories available for predicting whether or not a 
substance will be a semiconductor. These may be designated 
as the band theory and the bond theory. 
1. Band theory 
The band theory or Bloch scheme discussed by Seitz (16) 
considers the motion of a single electron in the periodic 
potential produced by the atoms in the lattice. It is found 
that there are bands of allowed and unallowed energies. When 
2 
cyclic boundary conditions are applied to a large crystal con­
sisting of N primitive unit cells, there are 2N states in each 
allowed energy band. In the case of Mg^Ge, the antifluorite 
structure has three atoms per unit cell which provide (2.2 + 
1.4)N = 8N valence electrons. These electrons will exactly 
fill four energy bands and hence the compound should be a 
semiconductor or insulator. 
2. Bond theory 
Mooser and Pearson (11) have recently postulated the 
existence of a semiconducting bond. This bond has the follow­
ing characteristics : It is predominantly covalent, and at 
least one of two atoms bonded together must have completely 
filled s and p orbitals. The presence of empty orbitals in 
some atoms of a compound does not destroy semiconductivity 
provided that these atoms are not bonded together; it may, 
however, give rise to pivoting resonance, in which case the 
coordination numbers of the atoms exceed their valencies. The 
bonds must form continuous one, two, or three-dimensional net­
works which run through the whole crystal. Mooser and Pearson 
suggest that in the antifluorite lattice of MggGe each germa­
nium atom uses its valence electrons to form four covalent 
sp^ bonds which undergo pivoting resonance among eight posi­
tions corresponding to the eight neighboring magnesium atoms. 
Thus each germanium atom forms eight half-bonds• Each mag-
3 
neslum atom forms four half-bonds with its four germanium 
neighbors• There are no electrons left to form magnesium-
magnesium bonds and the requirements of the semiconducting 
bond are met. 
C. Previous Electrical Measurements 
Magnesium germanide is a member of the series MggSi, 
Mgg,Ge, Mgggn, MggPb. These compounds have the antifluorite 
structure and all except Mg^Pb are semiconductors. Previous 
electrical measurements on MggGe have been made in connection 
with studies of this series. Busch and Winkler (3) made Hall 
effect and electrical resistivity measurements on polycrystal-
line samples of MggGe. This work is reviewed in a paper by 
Winkler (21). From the analysis of their results they con­
cluded that the width of the forbidden energy gap was 0.74 ev. 
The mobility obtained from the ratio of the Hall coefficient 
—p 
to the electrical resistivity was found to vary as T" 
between 700°K and 900°K. Busch and Winkler also studied the 
thermoelectric power of Mg^Ge. From these measurements they 
obtained a value of five for the ratio of electron mobility 
to hole mobility, a value of 7«6(10)~lf ev/deg for the tem­
perature variation of the energy gap and values of 0.2? and 
0.48 for the ratio of electron effective mass to free electron 
mass and hole effective mass to free electron mass respective­
4 
ly. Their samples included one which was p-type, but they 
did not say how it was obtained. 
Busch and Winkler (4) also studied mixed crystals of the 
form MS2GexSnl-x *^th x varying from 0 to 1. They found that 
the lattice constant and the energy gap varied uniformly over 
this range of composition. 
Whitsett (20) made Hall effect and electrical resistivity 
measurements on a single crystal of MggGe. It had an impurity 
electron density of 3(10)*'7cm"*3. He concluded that at high 
temperatures the Hall mobility varied as T'^/2 and on this 
basis found an energy gap of 0.63 ev. He also concluded that 
the ratio of electron mobility to hole mobility was > 2.5* 
5 
II. PREPARATION OF Mg^Ge SINGLE CRYSTALS 
A. Preparation of MggGe Ingots 
1. Method 
Ingots containing single crystals of Mg^Ge were prepared 
from stoichiometric proportions of magnesium and germanium. 
The components were melted and then frozen in a temperature 
gradient. Two of the preparations were doped by the addition 
of a small amount of silver to the constituents before they 
were melted together. Since the melting point of the compound 
is slightly above the atmospheric boiling point of magnesium, 
it was necessary to use an atmosphere of argon at 20 psi to 
reduce the rate of evaporation of the magnesium. A closed 
graphite crucible was used. 
The magnesium-germanium phase diagram was investigated 
by Klemm and Westlinning (9). Their results are shown in Fig. 
1. They give 1115 + 5°C as the melting point of the compound 
MggGe. 
2. Raw materials 
To obtain a high-purity compound it was necessary to use 
high-purity raw materials. The magnesium used was obtained 
from the Dow Chemical Co. It had been sublimed and the stated 
purity was 99«99 per cent or higher. The magnesium was cut 
1200 
1115° C 
000 
680 «C 
^ 1.2 °A 
OS 
20 40 60 80 
ATOMIC PERCENT GERMANIUM 
Fig. 1. Magnesium-germanium phase diagram 
100 
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into small pieces and rinsed in dilute HC1 just before it was 
used. 
Germanium was obtained from the Eagle Picher Co. It had 
a stated purity of at least 99*99 per cent. It was broken 
into small pieces and etched with a mixture of 15 parts acetic 
acid, 15 parts HF and 25 parts HNO^ just before using. 
The silver used for doping was 0.010 inch diameter wir< 
obtained from Johnson, Matthey and Co., Limited. It was pre­
pared from spectrographically standardized silver. The major 
impurities were listed as copper and iron, 2 ppm. and gold, 
1 ppm. It was used without further treatment. 
Five batches of MggGe were made. The quantities of raw 
materials used are given in Table 1. 
In all batches except 11B the ratio of the weight of mag­
nesium to the weight of germanium is 0.6700, which is the 
value required for stoichiometry. For batch 11B, 0.1 gram 
extra of magnesium was used. In every case, however, the 
final ingot was germanium rich. 
Table 1. Composition of melts 
Batch No. Grams Mg Grams C-e Grams Ag 
7B 5-746 8.578 — — — — 
8B 5.670 8.452 0.00289 
9B 4.793 7.154 0.00051 
10B 5.044 7.528 — — — — 
11B 4.820 7.045 — — — — 
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3 • Apparatus 
The crucible consisted of a graphite cylinder with a spec-
trographically pure graphite liner and a screw-on cap. The 
liner had an inside diameter of 11/16 inch and length of 2-lA 
inches. The inside of the bottom of the liner was tapered to 
a 60° point to aid the formation of a single crystal. 
Chromel-Alumel thermocouples were placed in holes drilled in 
the outer graphite cylinder. One thermocouple junction was 
near the bottom of the crucible; the other was near the top 
of the inside liner. 
Before the crucible was used, it was rinsed in acetone 
and then heated to 1200°C in a vacuum with an induction heater. 
It was held at this temperature for about 15 minutes to remove 
any volatile substances absorbed in the graphite. 
The loaded crucible was placed in a Zircotube which was 
evacuated to a pressure of about 3 x 10"^ mm Hg and then filled 
with argon to a gauge pressure of 20 psi. 
An electric resistance furnace surrounding the Zircotube 
was used to heat the crucible. The furnace could be moved with 
respect to the crucible to establish a temperature gradient. 
The crucible rested on a stainless steel block which could be 
water cooled to aid in establishing a temperature gradient. 
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4. Heating procedure 
At the start of the run the furnace was centered over the 
crucible and the temperature was raised to above the melting 
point as rapidly as possible (about one hour). The furnace 
was then raised about one inch to establish a temperature 
gradient. The stainless steel block on which the crucible 
rested was also cooled to aid in establishing the gradient. 
The power to the furnace was then reduced and the crucible 
allowed to cool through the melting point. After the temper­
ature of the crucible was below the melting point of the com­
pound, the furnace was connected to an automatic controller 
which reduced the temperature at a rate of 50°C/hr. to room 
temperature. 
A summary of the conditions during the preparation of 
each batch is given in Table 2. 
Table 2. Conditions during preparation of MggGe 
Batch Temp. Freezing Time above 1115°C Result 
No. grad. 
( °C/in) 
zone velocity 
(in/hr) 
I! g i Bottom 
7B 60 1.7 77 43 Good 
8B 33 2.6 60 22 Good 
9B 33 4.5 40 18 Very 
10B 33 2.6 48 8 Poor-
11B a a a 15 Good 
aTop thermocouple inoperative. 
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5» Results and discussion 
The MggGe did not wet the graphite and the ingot could 
be shaken out of the crucible. The ingot was often cracked, 
especially when there was a high ratio of compound to eutec-
tic. The sides and bottom of the ingot were pure compound. 
The center was Ge-MggGe eutectic. It was apparent that there 
had been considerable loss of magnesium. 
The results of each run are indicated in Table 2. An 
ingot was considered good if it was at least 1/3 compound. 
The reason that 10B was poor was not clear. It may have been 
that the melt was not kept liquid long enough for good mixing. 
It was also possible that there had been an error in weighing 
out the magnesium and germanium. 
No particular attempt was made to determine the optimum 
temperature gradient or freezing zone velocity. More perfect 
crystals would probably result with a smaller freezing zone 
velocity. Before this could be done, it would be necessary 
to reduce the loss of magnesium. The use of a steel crucible 
with a graphite liner might solve this problem. 
6. Miscellaneous properties of Mg^Ge 
Within a few minutes after the ingot was broken open, 
the eutectic portion of the sample often turned green. This 
was probably a reaction with the water vapor in the air. The 
11 
compound itself stayed shiny for days if it was not touched 
with the fingers and if the atmosphere was fairly dry. 
The compound cleaved easily along (111) planes. Equi­
lateral triangles formed by cracks along (111) planes were 
often observed when the compound was examined with a micro­
scope. 
When handled, the compound gave off a disagreeable odor. 
This odor persisted on the hands and clothes for several days. 
The odor was probably due to germanium hydrides which are pro­
duced when the compound comes in contact with acids. Dennis 
et al. (5) have used Mg^Ge to prepare germanium hydrides for 
study. When placed in water, the compound dissociated within 
a few minutes, leaving a yellowish-brown suspension in the 
water. When the suspension dried, it turned white. 
The lattice constant of Mg^Ge was determined by Farrell 
(6) from an X-ray powder photograph. A value of 6.39A was 
obtained. This differs slightly from the values 6.380 + 
0.002A obtained by Klemm and Westlinning (9) and 6.378 + 
0.002A obtained by Winkler (21) but is probably within experi­
mental error. No analysis of the structure by other than 
powder methods has been reported. 
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B. Preparation of Samples 
1. Cutting to size 
Portions of the ingot were first broken or cleaved to the 
approximate size of the samples desired. A suitable piece was 
then attached to a glass microscope slide with wax and ground 
into the form of a rectangular parallelepiped with 400 mesh 
SiC paper. The final grinding was with 600 mesh paper. 
2. Check for single crystals 
Samples TB-l and 7B-3 were checked by X-ray methods to 
determine if they were single crystals. These crystals were 
checked after the high temperature electrical measurements 
had been made and sample TB-l was broken. Back-reflection 
Laue pictures were taken at three points along each crystal. 
The three pictures for sample TB-3 showed the same orienta­
tion. Two pictures taken on one piece of sanrole TB-l showed 
the same orientation. However, this orientation was not the 
same as the orientation indicated by the picture taken on the 
other piece. This is most likely due to the difficulty in 
lining up the two pieces. However, it is possible that the 
orientations were different and that the sample broke along 
the boundary. Several of the individual pictures showed a 
multiple pattern that could be explained by the presence of 
several orientations differing by one or two degrees. 
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The X-ray technique was quite tedious and the other 
crystals were checked simply by the observation of the reflec­
tion of light from a freshly sanded surface. Differences in 
orientation could easily be seen in this way. 
3. Uniformity test 
To test the samples for uniformity of composition, their 
electrical resistivity was measured at intervals along their 
length. The potential probes used were phosphor-bronze point­
ed wires spaced 0.08 cm apart. Measurements were generally 
made at intervals of 1/40 inch. The uniformity of the samples 
used is indicated in Fig. 2. All the samples except 11B-1 
were quite uniform. 
4. Test for sign of charge carrier 
To determine the sign of the charge carriers at room 
temperature, the sign of the thermoelectric power was observed. 
The following arrangement was used. A pointed phosphor-
bronze wire fastened to the tip of a small pencil-type solder­
ing iron served as a hot probe. Another phosphor-bronze wire 
served as a cold probe. The two probes were connected to a 
0-100 microampere meter and then touched to the sample at 
points one or two millimeters apart. The deflection of the 
meter due to the thermal emf was easily observed. The sign 
of the charge carrier was taken to be the same as the polarity 
14 
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Fig. 2» Sample uniformity 
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of the cold junction. This method of determining the sign of 
the carrier was rapid and convenient since it did not require 
mounting the sample. Also it could be used on samples of any 
shape. 
5» Measuring dimensions 
The dimensions of the samples were measured with a Gaert-
ner traveling microscope. The width of each of the four sides 
was measured at the center and near each end. The average of 
these three measurements was taken as the width of that side. 
The widths of opposite sides were averaged to obtain the sample 
dimensions listed in Table 3* 
The length-to-width ratio is also given in Table 3 * A 
length-to-width ratio of at least four is desirable for Hall 
effect measurements. The effect of deviations from a ratio 
of four is discussed in Section C. 
Table 3* Sample dimensions 
Sample No. Length 
(mm) 
Width 
(mm) 
Thickness 
(mm) 
Length/Width 
TB-l 5.964 1.601 1.566 3-T 
TB-3 5.200 1.301 1.134 4.0 
8B-1 5.412 1.05T 1.050 5.1 
9B-1 T.089 1.544 1.451 4.6 
11B-1 8.T38 1.2T9 1.296 6.8 
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III. HALL EFFECT AND ELECTRICAL RESISTIVITY MEASUREMENTS 
A. Apparatus 
1. Electric circuit 
A standard dc method was used to obtain the electrical 
resistivity and Hall coefficient. The circuit is shown in 
Fig. 3• The current source was a Kay Lab Meter Calibrator 
Model M10A-10. The specified accuracy in the current range 
used was 0.1 per cent or less. The stability was specified 
as 0.01 per cent for load resistances from 0 to 10,000 ohms 
and line voltage changes of + 10 per cent. The use of this 
instrument greatly facilitated the measurements, since it 
eliminated the necessity of measuring the current at each 
temperature. 
The magnetic field was produced by a Varian Electromagnet 
Model V-4012A fitted with tapered pole pieces. Current for 
the magnet was supplied by a Varian Regulated Magnet Power 
Supply Model V-2100. A field of 10 kilogauss was used for 
the Hall effect measurements. The field was measured with 
a Laboratory for Electronics, Inc. Nuclear Resonance Magne­
tometer Model 101. The field was stable to 0.001 per cent, 
repeatable to 0.05 per cent and accurate to one per cent. 
The potentials between the sample probes were measured 
with a Rubicon Type B Potentiometer. Copper knife switches 
17 
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Fig. 3* Circuit used for electrical measurements 
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were used to select the potential to be measured and to reverse 
the sample current. 
Thermocouple voltages were measured with a Leeds and 
Northrup Potentiometer No. 8662. During the high temperature 
measurements the thermocouple voltage was also observed on a 
Bristol strip-chart recorder. 
2. Low-temperature sample holder and cryostat 
The sample holder and cryostat used in the temperature 
range 77 °K to 300°K are shown in Fig. 4. Pressure contacts 
were made to the sample. The Hall and resistivity probes were 
made from small strips of phosphor-bronze ground to a point 
at one end. The probes were forced against the sample by 
stainless-steel screws. A resistance wire heater was wound 
on the copper back of the sample holder and was used to help 
control the temperature. A copper-constantan thermocouple was 
soldered to one of the current contacts. The sample holder 
was enclosed in a copper can to stabilize the temperature. 
The liquid nitrogen cryostat shown in Fig. 4 was operated 
as followsi The valve was closed until the pressure of the 
nitrogen gas in the Dewar was sufficient to push the liquid 
nitrogen up into the sample chamber. The depth of the open 
end of the glass tube in the water pressure-regulator deter­
mined the maximum height of liquid nitrogen in the cryostat. 
With the liquid nitrogen surrounding the sample holder, tem­
peratures close to 77°K were obtained. To get higher tem-
19 
n PLEXIGLAS 
THERMOCOUPLE 
PROBE SET SCREW 
i PHOSPHOR-BRONZE PROBE 
/ _ 
<r^  
'IjT-T.Tr^  
L 
1 
ir 
't 
M I C A  I  C O P P E R  B A S E  
BRASS SCREW 
SAMPLE CURRENT CONTACT 
COPPER CURRENT CONTACT 
L U C I T E  S U P P O R T  R O D  
SAMPLE CHAMBER 
-VACUUM JACKET 
IS 
ÈJ 
r 1 r 
VALVE 
I  Q -  W A X  S E A L  
L_J 
u 
M 
L  I Q U I D  
N I T R O G E N  
J J W A T E R  
Fig. 4. Cryostat and sample holder 
20 
peratures the nitrogen was lowered out of the sample chamber 
and the sample was allowed to warm to the desired temperature. 
The nitrogen was then forced back into the sample chamber as 
often as was necessary to maintain a constant temperature. 
The temperature could usually be held constant to within + 1°C 
for the ten minutes required to make a measurement. 
The copper-constantan thermocouple which was used had 
been calibrated against a resistance thermometer and this 
calibration was used. 
3• High-temperature sample holder and furnace 
The sample holder which was used between 300°K and 1000°K 
is shown in Fig. 5» The base was carved out of Lavite. The 
stainless-steel current contacts were pressed against the ends 
of the sample by the wedge arrangement indicated in the fig­
ure. The potential probes were made from 0.018 inch molyb­
denum wire. They were pointed simply by clipping the end with 
a pair of side cutters. The cutting action squeezed the end 
into the shape of a sharp wedge. Small loops were bent into 
the wires to provide spring action for the pressure contacts. 
The sample holder was enclosed in an Inconel box to prevent 
temperature drift due to convection currents in the ambient 
gas. A helium atmosphere at 25 psi gauge pressure was used 
to reduce evaporation of magnesium from the sample. 
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A chromel-alumel thermocouple was used. The junction was 
placed a few millimeters directly above the sample. The man­
ufacturer's (Hoskins Mfg. Co.) calibration was used. To con­
vert from emf to temperature the Standard Conversion Tables 
for L and N Thermocouples (Standard 31031) were used. 
B. Procedure 
1. Notation 
The measured voltages were designated by the following 
symbols : 
Subscript -
/O Voltage measured between probes 1 and 2 of Fig. 3 
R Voltage measured between probes 2 and 3 of Fig. 3 
First symbol in parentheses -
+ Sample current in positive direction 
- Sample current in negative direction 
Second symbol in parentheses -
0 Magnet off (Residual magnetic field was about 100 
gauss.) 
N Magnet on, normal direction of field 
R Magnet on, reverse direction of field 
Example -
VR(+N) Voltage measured between probes 2 and 3 of Fig. 3 
with the sample current in the positive direction 
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and the magnet on with the field in the normal 
direction. 
2. Check of Ohm's law 
When there was doubt as to the amount of sample current 
to use, readings of "V^C+O) were made at various values of the 
sample current. A value of current well within the linear 
range was then chosen. 
3• Check of linearity of Hall voltage with magnetic field 
For several of the samples the Hall voltage was measured 
as a function of the magnetic field strength at room tempera­
ture and at liquid nitrogen temperature. The Hall voltage 
was always found to be linear up to the maximum field strength 
of the magnet (16 kilogauss). 
4. Order of measurements 
The voltage readings were made in the following order: 
V40)» V~0)' V"N)» V+N), V-R). The tempera­
ture was measured both before and after the measurements. 
This set of measurements took from five to ten minutes. The 
data for sample 7B-1 are given in the Appendix, Tables 7 and 
8, as an example of the behavior of these voltages. 
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5» Calculation of resistivity 
The resistivity was computed by means of the formula 
where yo is the resistivity in ohm-cm, w is the average width 
of the sample in cm, t is the average thickness of the sample 
in cm, s is the spacing between probes 1 and 2 of Fig. 3 in 
cm, and I is the sample current in amperes. The resistivities 
of the five samples which were measured are plotted in Fig. 6 
as a function of 1000/T. The values are also listed in the 
Appendix, Tables 9 through 18. 
6. Calculation of Hall coefficient 
The Hall coefficient was computed by means of the formula 
t (~V+N) - + V-R) - Vr(-N)7 o 
R = 
- œ I q—^ J(108) (2) 
where R is the Hall coefficient in cm/coulomb, t is the aver-
age thickness of the sample in cm, I is the sample current in 
amperes, and B is the magnetic field strength in gauss. Since 
the sample leads were not always hooked up the same way, it 
was necessary to determine the sign of the Hall coefficient 
independently for each sample. 
This method of determining the Hall coefficient is that 
given by Lindberg (10) and is designed to eliminate all thermo-
(1) 
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magnetic effects except the Ettingshausen effect. These ef­
fects are discussed further in Section C. 
The absolute values of the Hall coefficients of the five 
measured samples are plotted in Fig. 7 as a function of 
1000/T. The Hall coefficients of samples 7B-3 > 7B-1, and 11B-1 
were negative over the entire temperature range. The Hall 
coefficient of sample 9B-1 was positive below 450°K and nega­
tive above 450°K. The Hall coefficient of sample 8B-1 was 
positive below 590°K and negative above this temperature. 
Values of the Hall coefficient are listed in the appendix, 
Tables 9 through 18. 
C. Errors 
1. Resistivity measurement 
The largest source of error in the resistivity measure­
ment occurred in the determination of the sample cross-
sectional area and the resistivity probe spacing. The cross-
sectional area was not always perfectly rectangular and the 
edges were generally slightly chipped. For these reasons the 
cross-sectional area was probably known only to within about 
10 per cent. The error in the determination of the spacing 
of the resistivity probes was caused chiefly by the difficulty 
of seeing exactly where the point of the probe touched the 
sample. This error was estimated to be about five per cent 
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for the low temperature sample holder and two per cent for the 
high temperature sample holder. 
As has been stated in the description of the apparatus, 
the sample current was accurate to 0.1 per cent and was stable 
to 0.01 per cent. The voltages that were measured with the 
potentiometer were always greater than one millivolt and were 
known with an accuracy of less than one per cent. 
All of these errors, which total 12 to 15 per cent, af­
fected only the magnitude of the resistivity and not its 
temperature dependence. The variation of the resistivity be­
tween the various samples at high temperatures where the effect 
of impurities was negligible was observed to be about 15 per 
cent. 
In spite of the helium atmosphere which was used during 
the high temperature measurements, some magnesium was lost 
from the sample and deposited on the inside of the sample con­
tainer. The surface of the sample also appeared to be oxidized. 
To check whether these irreversible effects had any effect on 
the measurements at least two or three measurements were made 
as the sample cooled. In all cases the resistivity points 
agreed with those taken with increasing temperature. General­
ly the probes came loose as the sample cooled so that it was 
impossible to take measurements all the way back to room tem­
perature. However, in the case of sample 8B-1 it was possible 
to take a room temperature measurement after the run, and it 
was found to agree with the initial measurement. 
29 
The temperature drift during the 15 to 30 seconds that 
it took to make the resistivity measurement was negligible. 
2. Hall measurement 
Only one sample dimension, the thickness, appears in the 
formula for the Hall coefficient. However, the assumption has 
been made that the sample cross section was perfectly rectan­
gular. For a non-rectangular sample the thickness should be 
replaced by the cross-sectional area divided by the width of 
the sample at the position of the Hall probes. Therefore, 
although the thickness of the sample was known to about one 
per cent, things such as chips along the edges of the sample 
probably raised this dimensional error to about five per cent. 
As has been stated, the sample current was accurate to 0.1 
per cent and the magnetic field was accurate to one per cent. 
If the sample length is less than four times the sample 
width or if the Hall probes are not at the center of the sam­
ple, a correction may have to be made because of the shorting 
effect of the current electrodes. These correction factors 
have been tabulated by Volger (18). The length-to-width ratio 
of the measured samples is given in Table 3» Only in the 
cases of samples 7B-1 and 7B-3 was there any need of a correc­
tion, and since the correction was less than two per cent, 
it was neglected. 
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The largest sources of error in the Hall effect measure­
ments came from the difficulty of separating the Hall voltage 
from the voltages due to other effects. The procedure used 
was that discussed by Lindberg (10). This procedure eliminated 
voltages which were proportional to the square of the magnetic 
field, voltages which were proportional to the square of the 
sample current and voltages which were independent of the sam­
ple current and magnetic field. These voltages included 
those due to the potential drop along the sample and those 
due to various thermoelectric and thermomagnetic effects. 
This procedure did not eliminate the Ettingshausen effect. 
The effect of the Ettingshausen coefficient on the Hall 
effect in semiconductors has been discussed by Johnson and 
Shipley (8). The greatest effect is likely to occur at high 
temperatures. The formula of Johnson and Shipley was evalu­
ated for the case of MggGe at 900°K. This gave for the cor­
rection term 
(Rm-R)/R = -3.38(10)"3/K (3) 
where Rm is the measured Hall coefficient, R is the correct 
Hall coefficient and K is the thermal conductivity in watts/ 
cm-°K. 
The thermal conductivity of MggGe was not known. The 
thermal conductivity of MggSn has been measured by Busch and 
Schneider (2). The value at high temperatures is approximately 
0.042 watts/cm-°K. This was substituted into Equation 3 to 
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give a correction factor of -0.081 which means that the meas­
ured Hall coefficient may have been low by eight per cent due 
to the Ettingshausen effect. This correction increases with 
temperature. Above 700°K the Hall coefficient was observed 
to decrease more rapidly than was expected. The Ettingshausen 
effect may be responsible for part of this rapid decrease. 
At high temperatures the measured voltages were of the 
order of millivolts while the Hall voltages were a few micro­
volts. Most of the measured voltage came from the potential 
drop along the sample, since it was very difficult to place 
the Hall probes exactly opposite each other. It took from 
five to ten minutes to make the Hall measurements. During 
this time the sample temperature often drifted one or two de­
grees. This caused changes in the measured voltages which 
were often a large fraction of the Hall voltage. Most of the 
scatter in the Hall coefficient data at high temperatures is 
believed to be due to this temperature drift. 
3» Temperature measurement 
Temperatures below 300°K were estimated to be accurate to 
less than 1°K. Temperatures above room temperature had an 
estimated accuracy of 3°K. 
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IV. ANALYSIS OF RESULTS 
A. General Formulas 
Formulas for the electrical resistivity and Hall coef­
ficient when both holes and electrons are present are given, 
e.g., by Shockley (17, p. 279)• These formulas may be written 
as follows: 
/a = l/(ne/^ n + pe^lp) (4) 
R .  _ ( 5 )  
e(Vn + P/'p'2 
whereyO = electrical resistivity in ohm-cm, 
R = Hall coefficient in cm3/coulomb, 
n = number of electrons per cm3 in the conduction band, 
p = number of holes per cm3 in the valence band, 
p 
yWn = drift mobility of electrons in cm /volt-sec, 
o 
yU,p = drift mobility of holes in cm /volt-sec, 
t H 2 
^ = Hall mobility for electrons in cm /volt-sec, 
yWvp = Hall mobility for holes in cm2/volt-sec, 
e = electron charge = 1.602(10)""^ coulombs. 
The ratio of Hall mobility to drift mobility will depend 
on the scattering mechanism and the shape of the energy sur­
faces in momentum space. It may, therefore, be different for 
electrons and holes. For spherical energy surfaces and scat­
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tering by thermal vibrations, the ratio of Hall mobility to 
drift mobility is 3%" /8 for both holes and electrons. This 
value will be assumed throughout the analysis. Equation 5 
then becomes 
P. = - ' ^2pj . (6) 
8e (rytn + P/Mp) 
B. Extrinsic Region 
1. Impurity levels 
At sufficiently low temperatures the number of electrons 
thermally excited from the valence band to the conduction band 
will be negligible compared to the number of electrons excited 
to acceptor levels or excited from donor levels. In this tem­
perature region only one type of carrier will be present and 
the expression for the Hall coefficient reduces to 
R = - (3%T/8en) (7) 
for electrons and 
R = (3TT/8ep) (8) 
for holes. 
From these expressions the densities of holes and elec­
trons have been computed and are plotted in Fig. 8 for the 
five samples studied. The nearly vertical straight line which 
the carrier densities approach at high temperatures represents 
the intrinsic concentration of electrons and holes. 
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Since it may generally be assumed that the ionization 
energy of an impurity level is considerably less than the width 
of the band gap, all the impurity levels will be ionized before 
the intrinsic line is reached. Since each ionized impurity 
level contributes one charge carrier, the value of the carrier 
concentration at temperatures just below intrinsic behavior 
is an indication of the density of impurity levels. In most 
cases both donor levels and acceptor levels are present; the 
observed charge carrier concentration then represents the 
difference N^ - where is the concentration of donor 
levels and N^ is the concentration of acceptor levels. Values 
of ND - obtained as just described are given in Table 4. 
It appears that nearly all the silver that was added to 
the melt was effective in producing acceptor levels. Since 
it was not known how well the silver was distributed through 
Table 4. Impurity concentrations 
Sample No. ND - NA Silver added 
C cm""3 ) 
(atoms/cm3) 
7B-1 3.2(10)15 
7B-3 2.5(10)15 
11B-1 3.1(10)16 
9B-1 -2.4(10)17 7.4(10)1? 
8B-1 -2.5(10)1® 3.5(10)18 
36 
the melt, this is only an order of magnitude estimate. A 
spectrographlc analysis was made on a sample from each batch. 
Iron was the only impurity found besides silver, and it was 
found in all the batches. The donor levels may be due to the 
iron impurity. 
The measurements do not extend to low enough temperatures 
to determine accurately the impurity energy levels; however, 
some estimates may be made for the n-type samples. 
The density of electrons in the extrinsic temperature 
range is given by Shockley (17, p. 249) 
n2/(ND - n) = 2(2TTmkT/h2)3/2(mn/m)3/2exp(-ED/kT) (9) 
-28 
where m = free electron mass = 9*11(10)" grams, 
mn = electron effective mass, 
k = Boltzmann constant = 8.62(10)-5ev/°K or 
1.38(10)"l6erg/°K, 
h = Planck constant = 6.624(10)~27erg-sec, 
Eg = the energy required to raise an electron from the 
donor level to the conduction band. 
It has been assumed that and n 
For sample 7B-1, n began to differ from NQ only at the 
lowest temperatures at which measurements were made. This 
fact indicated a low ionization energy. It was assumed that 
n = ND(1 - 6) where €«1. This expression was substituted 
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p 
into Equation 9 and terms proportional to € were dropped to 
obtain for the energy E^, 
Ed = kT Ai|(2/Nd)(2 77mnkT/h2)3/2 Ê /(I - 2 6 )] . (10) 
For sample 7B-1, n = 3»0(10)15cm""3 &t T = 77«4°K, and = 
3•2(10)l5cm*"3. fc = 0.06. It was assumed that mn = m and 
these values were substituted into Equation 10. This gave 
Eg =• 0.03 ev. 
The behavior of sample 7B-3 suggested that there were 
two donor levels present. The constants for the first donor 
level were taken to be E^ = 0.04 ev and = I.l4(10)l5cm~3e 
This level is probably the same one that was observed in sam­
ple 7B-1. The electron concentration due to the known level 
was subtracted from the observed concentration to obtain the 
electron concentration due to the second level. The result 
of this subtraction is indicated in Fig. 9» ND for the second 
donor level was taken to be 1.3(10)l5cm~3# ^ plot of log 
J n^2j-3/2/(N^  _ n)"| vs 1/T was then made for the second level. 
A straight line could be fitted to this plot as Equation 9 
predicts and from the slope the value E^ = 0.077 ev was ob­
tained. 
The behavior of the carrier concentration for sample 
11B-1 also suggested the presence of two donor levels. How­
ever, since ED can be expected to vary with the concentration 
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of impurities, it was no longer reasonable to assume that the 
donor levels found in samples 7B-l and 7B-3 would appear the 
same in sample 11B-1. Therefore, it was not possible to sep­
arate the levels in this case. 
Sample 9B-1 appears to have at least two acceptor levels. 
Again it was not possible to separate them without data at 
lower temperatures. 
The carrier concentration for sample 8B-1 was essentially 
n O g 
constant at 2(10) cm"-5 over the low temperature range. The 
possibility of degeneracy must be considered for this sample. 
The degeneracy temperature is given by Shockley (17, p. 242) 
Td = (3/7T )3/2(h2/8km)n2/3 = 4.2(10 )~nn2/3. (11) 
For n = 2(10)1®cm"3 this gave T^ = 67°K. There may have been 
some degeneracy effects at the lowest temperatures, but it 
seems more likely that the ionization energy of the acceptors 
has become almost zero. 
2. Mobilities 
In the extrinsic region the carrier mobility was obtained 
from the expression 
A = (8/3ir)(|Rl^>). (12) 
Except for the factor 8/37T this is the same as the ratio 
plotted in Fig. 10. 
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The electron mobility behaved very strangely. The flat 
region between 200°K and 300°K in the curves for samples 7B-1 
and 7B-3 shown in Fig. 10 was very unusual. It was also 
strange that the extrinsic mobility for sample 11B-1 should be 
greater than the extrinsic mobilities of samples 7B-1 and 7B-3, 
since according to the Hall coefficient sample 11B-1 had more 
donors and hence scattering due to ionized impurities should 
have been more important. It is possible that samples 7B-1 
and 7B-3 had more neutral impurities such as dislocations or 
had many compensated donors and acceptors. These types of 
impurities would reduce the mobility without decreasing the 
Hall coefficient. 
The possibility that a non-uniformity of impurity distri­
bution in the samples could cause such behavior cannot be 
overlooked. The mobility obtained from the ratio Ry^O was 
very sensitive to sample inhomogeneities. Because of the 
probe arrangement used, the Hall effect and resistivity were 
not measured at exactly the same place on the sample. There­
fore, if the impurity distribution was different at these two 
points, the ratio Ufa would be affected. The results of the 
uniformity test shown in Fig. 2 indicated that samples 7B-1 
and 7B-3 were quite uniform. However, this conclusion could 
be misleading for two reasons. First, these samples were 
nearly intrinsic at room temperature ; therefore, the measured 
resistivity was only partly determined by the impurities. 
Second, because of the presence of donor levels with at least 
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two different energies, a change in the relative number of 
these levels could result in a change in the temperature de­
pendence of the density of electrons without greatly changing 
the total number of electrons. However, if the unusual be­
havior of samples 7B-1 and 7B-3 was due to their non-
uniformity, it was somewhat remarkable that they gave such 
similar mobility curves. 
Sample 11B-1 was definitely non-uniform as can be seen 
from Fig. 2. The Hall probes and one resistivity probe were 
located at the 6.5 mm position and the other resistivity probe 
was located at the 4.7 mm position. Thus the measured resis­
tivity would be less than the resistivity at the position of 
the Hall probes. Therefore the ratio R^o would be too large. 
It can be concluded that the low temperature electron 
mobility curves may have been in error due to a non-uniform 
distribution of impurities in the samples. However, since all 
three electron mobility curves showed the relatively flat 
region in the vicinity of 300°K, it seemed likely that this 
effect was not due to sample non-uniformity. 
Sample 9B-1 was very uniform and the hole mobility indi­
cated in Fig. 8 showed no anomalies. The data in the tempera­
ture range 120°K <T <350°K could be represented quite well by 
the expression 
/tp = 0.848(10)7T~2,0. (13) 
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The lower hole mobility obtained for sample 8B-1 would be 
expected because of the greater effect of impurity scattering. 
C. Intrinsic Region 
1. Mobilities 
In the intrinsic region n = p and 
R//o = -(3 7 7/8) ( / t n  - / t  )• (14) 
As can be seen from Fig. 10, the ratio JRl /p approached the 
same curve at high temperatures for all the samples except 
8B-1. The minimum at 900eK for sample 8B-1 was found only 
for this sample and was probably not due to a minimum in the 
mobility. All the samples did show a rapid decrease in the 
mobility above 800°K. This rapid decrease was caused by a 
decrease in the Hall coefficient and not by an increase in the 
resistivity. In this temperature region the resistivity was 
proportional toyCÀ n + yU and the Hall coefficient was pro­
portional to (yUn - ykp)/(yU^ + y*p). It appears that the 
rapid decrease was due to JtA n approaching yKp rather than to 
and both decreasing rapidly. 
The data of samples 7B-1 and 7B-3 in the temperature 
range 350°K < T < 700°K could be represented by the expression 
yU n  -yU p  = 2.28(10) 7T~ 2* 0  (15) 
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To obtain the electron mobility the expression for the 
hole mobility found for sample 9B-1 was assumed to hold above 
350°K, and Equation 13 and Equation 15 were added to give 
>n = 3.13(10)V2,0. (16) 
2. Energy gap 
In general (Shockley (17, p. 475)) 
(np)1/2 = AT3/2exp(-AEQ/2kT) (17) 
where A = 2(2^ mk/h2 )3^ 2 (°^mp/m2 )3^ exp (a/2k ), 
AEq = energy gap between valence and conduction band at 
absolute zero, 
m^ = effective mass of electron, 
nip = effective mass of hole, 
a = temperature coefficient of the energy gap 
(A E = AEq - aT ). 
1/2 In the intrinsic temperature range n = p = (np) and Equa­
tion 4 and Equation 6 become 
1/ [(np)1/2e(JMn + /*. p)j (18) 
r = - [3n/8e(np)1/2] [ (f.n -yap)/(/n + >p)](19) 
When Equation 17 is substituted in Equations 18 and 19, one 
obtains 
45 
|°= [l/Ae(yx n +//ip)]T"3/2exp( ÛEo/2kC?)0 (20) 
and 
R = -(3ïï/8eA) [( n^ - n 4 /^-.p) T~3/2exp( AEQ/2kT ). 
(21) 
In the temperature range where JU*n and yKp vary as T""2*0, 
a plot of log(yO T"1^ 2) vs 1/T should! jgive a straight line. 
Such a plot is shown in Fig. 11 for fclhe three n-type samples. 
The experimental points deviated frown the straight line at low 
temperatures because of the effect oef impurities. A least-
squares fit was made to the data in title linear range of each 
sample. From this fit the quantities: A and AEQ were deter­
mined. They are listed in Table 5-
According to Equation 21, a plo«t of log(RT3^ 2) vs 1/T 
should also give a straight line from which A and AEQ may be 
determined. Such a plot is shown in. Big. 12. In this case 
the data did not show any extended l imeai* portion. As was 
Table 5» Values of the constants A and AEq 
Sample No. From resistivity data From Hall effect data 
A AS, A AE0 
(cm'3-°K"3/2) (ev) Ccm'3-°K'3/2) l e v )  
9B-1 4.73C10)16 0.688 — — — — 
11B-1 4.93 0.695 3.85(IO)16 0.669 
7B-1 5.47 0.70k 4.55 0.683 
7B-3 4.30 0.690 4.4o 0.693 
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pointed out in the previous section, the rapid decrease in the 
Hall coefficient above 700°K may indicate thatyi<n is approach­
ing J/i p. This region must be avoided if the proper slope for 
the determination of the energy gap is to be obtained. There­
fore least-squares fits were made to the data in the central 
region and the values of A and AEQ that were obtained are 
listed in Table 5« 
In the case of sample 9B-1 the log(RT3^ 2) vs 1/T plot did 
not have a%y linear region. The linear region in the 
logC/6^  t"" 2^) vs 1/T plot was very short. Therefore, a differ­
ent procedure was followed. It was assumed that all the ac­
ceptors were ionized, so that 
n = p - Na. (22) 
This expression was substituted into Equation 4 to give 
P = [ !->(/*n +>p)] + "a/V'/N +zMp)- (23) 
The experimental resistivity values for sample 9B-1 were used 
to evaluate p. The value of N^ was obtained from Table 4 with 
the assumption « N^. The electron concentration was then 
obtained from Equation 22 and a plot of log(np/T3 ) 2^ vs 
1000/T was made. This plot is shown in Fig. 13. The con­
stants obtained from a least-squares fit to these data are 
given in Table 5» A similar calculation was made for sample 
7B-1 and the results are also plotted in Fig. 13. No least-
squares fit was made to these data. 
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Sample 8B-1 was not analyzed because of its low purity. 
All three methods of analysis gave similar results. It 
should be mentioned that the three methods are not entirely 
independent since the temperature dependence of the mobility 
which was used in analyzing the resistivity data was obtained 
from the ratio of the Hall coefficient to the resistivity. 
The values obtained for sample 11B-1 by the log(RT3^ 2) vs 1/T 
method seem to be somewhat low. The linear region of the plot 
for this sample was very short. A simple average of the seven 
values of was made and the standard deviation was com­
puted. This gave AEQ = 0.69 + 0.01 ev. 
3• Effective masses 
The theoretical value for the coefficient A in Equation 
17 is 
A = 4.83(10)1^ (mnmp/m2)3/Z1+exp(a/2k) cm~3-°K~3/'2. (24) 
The average of the seven experimentally determined values 
of A was 4.60(10)^^cm~3-*K~3^ 2. The temperature coefficient 
of the energy gap (a) has been determined by Winkler (21) from 
thermoelectric power measurements combined with the results 
of Hall effect and resistivity measurements. He gives for 
MggGe, a = 7*6(10)-1+ev/°K. From this value, the experimental 
value of A and Equation 24 the product of the effective masses 
was obtained. 
m
nmp/m2 = 5»66(10)~2. (25) 
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If the electron scattering is due to acoustical thermal 
vibrations, then the mobility is proportional to 
(Shockley (17, p. 278)). A similar relation applies to holes. 
If it is further assumed that the other factors in the mobility 
expressions are the same for both holes and electrons, an 
expression for the ratio of the effective masses can be obtain­
ed s 
/V/p » <VV~5/2- (26) 
For MggGe p = 3*69. From Equations 25 and 26 the ef­
fective masses were found to be 
mn = 0.18 m 
(27) 
mp = 0.31 m. 
These values are probably not reliable because of the assump­
tions made. 
D. Analysis of Mobility 
In Fig. 14 the most likely behavior of the electron and 
hole mobilities is plotted. The dashed lines represent the 
behavior given by Equations 13 and 16. As has been stated, 
these mobilities, particularly the electron mobility at low 
temperatures, are not thought to be very reliable. It there­
fore does not seem worthwhile to attempt a detailed analysis 
of their behavior. However, the peculiar bend in the electron 
mobility curve between 200°K and 300°K was suggestive of the 
52 
10' 
o 
9 
§ 
r~i tt 
D  -  7 8  
X -  9 8  
100 1000 
TEMPERATURE (°K) 
Fig. 14. Temperature dependence of the mobilities 
53 
behavior one would expect for strong optical mode scattering 
and this possibility was considered. 
A calculation of the electrical conductivity of a semi­
conductor when the scattering is by the optical modes of the 
lattice vibrations has been carried out by Howarth and Sond-
heimer (7) • Petritz and Scanlon (15) have attempted to fit 
this theory to measurements of the mobility of PbS without 
much success. 
The mobility for optical mode scattering is given by 
yUop = B (T/Q)1/2 [exp(9/T) -l]X(6/T) (28) 
where B is a constant, 9 is the Debye temperature and %(@/T) 
is a slowly varying function. Mobility curves for various 
values of 6 were calculated by Morris (13) and these curves 
were compared with the electron mobility found for sample 7B-1. 
The constant B and the Debye temperature were used as para­
meters. The best fit was obtained for 9 = 200°K. This fit 
is shown in Fig. 15• The Debye temperature for MggGe was not 
known but 9 = 200°K is not an unreasonable value. 
p 
In order to make the theoretical mobility approach a T 
dependence at high temperatures, it was necessary to assume 
that a second scattering mechanism was producing a mobility 
_L p 
with a T * temperature dependence. One scattering mechanism 
which would give this high temperature dependence is electron-
hole scattering. This type of scattering was considered for 
the case of germanium by Morin and Malta (12). They found 
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that it had only a small influence on the observed mobility 
at high temperatures. The magnitude of electron-hole scatter­
ing depends essentially on the dielectric constant and the 
intrinsic concentration of electrons and holes. The dielec­
tric constant of MggGe was not known, but it would not be 
expected to differ too much from that of germanium. The in­
trinsic concentration of electrons and holes was very nearly 
the same for MggGe and germanium. Therefore electron-hole 
scattering would not be expected to be important in MggGe. 
The analysis in this section has been highly speculative. 
Although optical mode scattering could possibly explain the 
low temperature data, its presence makes the analysis of the 
high temperature data more difficult. It is also difficult 
to see why the hole mobility does not show the effect of 
optical modes when they have such a strong effect on the elec­
tron mobility. It is apparent that more conclusive experimen­
tal data are necessary before these questions can be answered. 
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V. DISCUSSION 
The results of.this investigation together with the re­
sults of Whitsett and Winkler for MggGe are given in Table 6. 
Also included in Table 6 are typical values for MggSi, MggSn 
and MggPb. 
Table 6. Semiconducting properties of the MggX series 
Compound Reference A E o  
(ev) 
/"Hn 
2 (cm /volt-sec) 
H 
M- p 
2 (cm /volt-sec) 
Mg.Si Morris (14) 0.78 406 56 
C. Winkler (21) 0.77 370 65 
MgpGe Winkler (21) 0.74 530 106 
CL Whitsett (20) 0.63 146 < 58 
This work 0.69 280 110 
MgpSn Winkler (21) 0.36 210 150 
Blunt et al. 0.33 320 260 
(1) 
The value of the energy gap of MggGe found by Winkler was 
significantly higher than that found in this investigation. 
Winkler's method of analysis of his data was much the same as 
the method of analysis used in this work; therefore, the reason 
for the difference in the results could be easily traced. 
The difference was believed to be due to the unusually 
rapid decrease of the Hall coefficient at high temperatures. 
An examination of Winkler's graphs suggests that this rapid 
decrease was also present in his data. The intrinsic range of 
Winkler ' s samples extended from 600°K to 900°IC. He therefore 
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obtained a greater slope from a log(RT3//2 ) vs 1/T plot and 
consequently a greater energy gap than was obtained in this 
investigation. This rapid decrease of the Hall coefficient 
also caused a rapid decrease of the Hall mobility. As a re-
— o ^ 
suit Winkler obtained a T-"*^ temperature dependence of Hall 
_2 Q 
mobility as compared with T~ * found in this work. He 
therefore plotted logCyoT"1) vs_ 1/T which led to a higher 
energy gap. Because of the longer intrinsic range of samples 
7B-1 and 7B-3» the results of this investigation are believed 
to be more reliable. 
Whitsett concluded that the energy gap was 0.63 ev. His 
conclusion was based on the assumption that the mobility was 
varying as T~3//2. On the assumption that the mobility varied 
— P 
as T" , his high temperature resistivity data led to an energy 
gap of 0.71 ev. The temperature dependence of the Hall mobil­
ity obtained by Whitsett varied from T~2 to T~^*^ at high 
temperatures. 
A comparison of the results for the three compounds 
MggSi, MggGe, and MggSn shows that the energy gap decreases 
and the hole mobility increases with increasing atomic weight. 
The electron mobility does not vary in a regular manner. The 
variation in energy gap is associated with the variation in 
the strength of the bonding between the atoms of the compound. 
This was pointed out by Welker (19) • A stronger binding 
strength means a greater difference between the maximum and 
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minimum values of the crystal potential and this leads to a 
wider energy gap. 
It is felt that the thermal energy gap of MggGe has been 
fairly well established. However nothing is known about the 
energy band structure of MggGe. Information on this could be 
obtained from magnetoresistance studies, optical absorption 
studies, or cyclotron resonance measurements. 
There is still some question as to the temperature de­
pendence of the mobility, particularly at low temperatures. 
The unusual behavior of the mobilities both at low and at high 
temperatures merits further study. The Debye temperature and 
the dielectric constant must be determined before conclusive 
comparisons between experimental and theoretical mobilities 
can be made. 
To obtain more information on the effects of impurities 
in MggGe the Hall effect and resistivity measurements should 
be extended to liquid helium temperatures. 
Photoconductivity was observed in MggGe. A study of this 
effect would lead to information about carrier lifetimes. 
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VIII. APPENDIX 
Table 7* Low-temperature data for sample 7B-1 
w = 1.601 mm, t = 1.566 mm, s = 2.261 mm, B = 10^ gauss 
T 
(°K) 
VP(+0) 
(mv) 
VYO(-O) 
(mv) 
VR(-N) 
(mv) 
VH(+N) 
(mv) (mv) 
VR(-R> 
(mv) 
I 
(ma) 
299 +310.23 -3IO.45 -47.12 +47.06 +59.91 
-59.95 5 
77.4 +107.62 -IO7.74 - 7-948 + 7.930 +23.698 -23.908 IL 
85.0 +113.09 -112.74 - 9.059 + 9.086 +24.180 -24.082 11 
90.0 +117.07 -116.60 - 9.832 + 9.859 +24.705 -24.543 M 
95.0 +122.06 -122.51 -IO.592 +10.748 +25.500 -25.320 11 
100 +129.49 -129.52 -11.845 +11.966 +26.526 -26.405 M 
110 +144.25 
-143.75 -14.318 +14.400 +28.955 -28.810 II 
120 +160.51 -160.10 -17.390 +17.458 +31.957 -31.690 II 
130 +177.46 -177.63 -20.580 +20.690 +35.380 -35.119 II 
140 +196.03 -195.21 -23.939 +24.157 +38.842 -38.680 II 
150 +213.71 -212.83 -27.676 +27.834 442.419 -42.250 II 
160 +231.35 -230.72 -30.945 +31.196 445.938 -45.705 II 
170 +248.57 -248.02 -34.128 +34.457 *9.391 -49.124 II 
180 +266.35 -266.37 -39.835 +39.990 +54.792 -54.422 II 
190 +283.33 -282.58 -45.640 +45.686 +59.603 -60.143 II 
200 +298.92 -297.78 -49.070 +49.265 +64.000 -63.532 11 
220 +320.47 
-319.35 -53.973 +54.138 +68.902 -68.624 II 
240 +331.86 -331.04 -54.974 +55.101 +69.695 -69.487 II 
260 +336.23 -336.13 -54 . 796 +54.777 469.219 -69.129 II 
280 +335.25 -335.67 -53.039 +52.882 +66.600 -66.763 M 
300 +315.74 -315.63 -47.207 +46.865 +59.174 -59.830 II 
Table 8. High-temperature data for sample 7B-1 
w = 1.601 mm, t = 1.566 mm, s = 2.083 mm, B = 10^ gauss 
T 
(°K) 
v^C-to) 
(mv) 
V/O(-0) 
(mv) 
Vr(-N) 
(mv) 
Vr(+N) 
(mv) 
V*) 
(mv) 
V-R) 
(mv) 
I 
(ma) 
293 +313.90 -313.77 -43.214 +43.051 +29.531 -29.663 5 
323 +246.16 -246.16 -27.752 +27.678 +17.905 -17.945 it 
343 +175.99 -176.19 -18.153 +18.140 +11.843 -11.889 u 
364 +115.982 -II6.769 -11.600 +11.664 + 7.935 - 7.960 tt 
390 + 67.289 - 67.101 - 6.470 + 6.460 + 4.695 - 4.708 11 
4l6 + 39.192 - 39.275 - 3.730 + 3.752 + 2.834 - 2.806 11 
437 + 26.260 - 26.065 - 2.425 + 2.470 + 1.918 - 1.865 11 
453 + 19.337 - 19.365 - 1.780 + 1.849 + 1.472 - 1.402 11 
475 + 13.405 - 13.447 - 1.2025 + 1.3106 + 1.0667 - 0.9674 M 
497 + 9.650 - 9.630 - 0.8186 + 0.9454 + 0.7858 - 0.6590 11 
520 + 7.005 - 6.962 - 0.5570 + 0.7115 + 0.6036 - 0.4465 II 
543 + 5.133 5.046 - 0.3695 + 0.5480 + 0.4769 - 0.2979 II 
568 + 37.185 - 37.025 - 3.2393 + 3.4367 + 2.9559 - 2.7388 50 
590 + 28.929 - 28.971 - 2.-5410 + 2.7566 + 2.4075 - 2.2019 II 
622 + 20.955 - 20.930 - 1.7997 +2.0330 + 1.8056 - 1.5918 II 
651 + 16.112 - 15.940 - 1.3392 + 1.5592 + 1.3983 - 1.1757 If 
6 77 + 12.934 - 12.763 - 1.0553 + 1.2656 + 1.1490 - 0.9334 II 
702 + 10.586 - 10.429 - 0.8465 + 1.0451 + 0.9549 - 0.7561 11 
728 + 8.759 - 8.602 - 0.6886 + 0.8604 + 0.7934 - 0.6217 If 
756 + 7.307 - 7.175 - 0.5706 + 0.7137 + 0.6630 - 0.5152 II 
782 + 6.220 - 6.102 - 0.4990 + O.5926 + 0.5567 - 0.4559 II 
808 + 5.333 - 5.276 - 0.4565 + 0.4855 + 0.4573 - 0.4251 II 
836 + 4.588 — 4.602 - 0.4419 + 0.3884 + 0.3655 - 0.4178 It 
858 + 4.054 - 4.135 - 0.4360 + 0.2990 + 0.2820 - 0.4193 II 
880 + 7.290 - 7.466 - 0.7712 + 0.5360 + 0.5075 - 0.7380 100 
Table 8. (Continued) 
T 0^ (+0) T{o(-0) VB(-N) VR(+N) VR(4Ït) V-R) I 
(°K) (mv) (mv) (mv) (mv) (mv) (mv) (ma) 
90? + 6.401 - 6.678 - 0.7478 + 0.4068 + 0.3825 - 0.7183 100 
929 + 5.768 - 6.078 - 0.7430 + 0.2987 + 0.2775 - 0.7227 11 
940 + 5.447 - 5.838 - 0.7450 + 0.2375 + 0.2245 - 0.7265 11 
962 + 4.919 - 5.378 - 0.7475 + 0.1455 + 0.1345 - 0.7328 11 
976 + 3.750 - 4.290 - 0.7045 + 0.0228 + 0.0220 - 0.6977 h 
1007 + 2.931 - 3.576 - 0.6611 - 0.1615 - 0.1628 - 0.6566 11 
962 + 3.796 - 4.570 - 0.807 - 0.212 + 0.222 - 0.840 11 
917 + 6.305 6.588 - 0.8614 + 0.4661 + 0.4462 - O.8368 11 
833 + 4.839 - 4.821 - 0 . 5342 + 0.4554 + 0.4296 - 0.5056 11 
C °K 
299 
77 
85 
90 
95 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
220 
240 
260 
280 
300 
293 
323 
343 
364 
Table 9» Resistivity and Hall coefficient of sample 7B-1 
1000/T Resistivity Hall IR/Z/o 
P 
coefficient 
R 
(°K)-1 (ohm-cm) (cm^/coulomb) «
—
1 O 
3.34 6.88 -2.0K10)3 292 
12.9 2.39 -2.47 " IO36 
11.8 2.50 -2.36 " 942 
11.1 2.60 -2.31 " 893 
10.5 2.72 -2.31 " 849 
10.0 2.87 -2.28 " 794 
9.09 3.19 -2.27 " 712 
8.31 3.56 -2.25 " 634 
7.69 3.94 -2.29 " 581 
7.14 4.34 -2.30 " 531 
6.67 4.73 -2.28 " 482 
6.25 5.12 -2.31 " 451 
5.88 5.51 -2.3O " 419 
5.56 5.91 -2.3O " 389 
5.26 6.28 -2.22 " 355 
5.00 6.62 -2.29 " 345 
4.54 7.10 -2.3O " 325 
4.17 7.35 -2.28 " 310 
3.85 7.46 -2.25 " 302 
3-57 7.44 -2.23 " 299 
3.33 7.00 -1.95 " 279 
3.42 7.56 -2.12 " 281 
3.09 5.93 -1.53 " 2 259 
2.91 4.24 -9.83(10)^  232 
2.75 2.80 -5.77 " 206 
( °] 
390 
416 
437 
453 
475 
497 
520 
543 
568 
590 
622 
651 
6 77 
702 
728 
756 
782 
808 
836 
858 
880 
907 
929 
940 
962 
Table 9* (Continued) 
1000/T Resistivity Hall |R/ Zo 
yo coefficient ' 
J R 
CK)"1 (ohm-cm) (cnrVcoulomb) p (cm /volt 
2.57 1.62 , -2.76(10)2 171 
2.40 9.45(10) -1.44 " 153 
2.29 6.30 " -8.71(10) 138 
2.21 4.66 " 
-5.76 " 124 
2.11 3.23 " -3.75 " 116 
2.01 2.32 " -2.50 " 108 
1.92 1.68 " -1.71 " 102 
1.84 1.25 " o -1.12 " 89.5 
1.76 8.93(10) -7.68 86.0 
1.69 6.97 " -5.39 77.3 
1.61 5.04 " -3.41 67.6 
1.54 3.86 " -2.54 65.8 
1.48 3.09 " -1.87 60.4 
1.42 2.53 " -l.4l 55.8 
1.37 2.09 " -1.05 50.2 
1.32 1.74 " -8.30(10)-! 47.6 
1.28 1.48 " -6.20 » 41.8 
1.24 1.28 " -4.67 " 36.5 
1.20 1.11 " , 
-3.70 " 33.4 
1.16 9.86(10)-3 -2.63 " 26.7 
1.14 8.88 " -2.41 " 27.2 
1.10 7.87 " -2.10 " 26.6 
1.08 7.13 " -1.63 " 22.8 
1.06 6.79 " -1.24 " 18.2 
1.04 6.20 " -1.00 " 16.2 
Table 9. (Continued) 
Temperature 
T 
(°K) 
1000/T 
(°K)-1 
Resistivity 
P 
(ohm-cm) 
Hall 
coefficient 
R 
(cm^/coulomb) 
/R/ /p 
p 
(cm /volt-sec) 
976 1.02 4.84C10)"3 -2.98(10)"2 6.15 
1007 0.99 3-91 " -1.25 11 3.20 
962 1.04 5.04 » 1.72 n 342 
917 1.09 7.76 » p -1.74(10) 22.4 
833 1.20 1.16(10) 2 -4.26 " 36.6 
o\ 
00 
Table 10. Resistivity and Hall coefficient of sample 7B-3 
Temperature 1000/T Resistivity Hall IRI//O 
T zn coefficient ' 
^ R 
(°K) (°K)-1 (ohm-cm) (cm3/coulomb) 
p 
(cm /volt-sec) 
300 3.33 9.43 -2.24(10)3 238 
77-4 12.9 5.48 -7.84 " 1431 
83.5 12.0 5.61 -7.06 " 1258 
90.0 11.1 5.79 -6.48 " 1119 
95.0 10.5 5.96 -6.39 " 1073 
102 9.80 6.22 -6.18 " 994 
110 9.09 6.84 -5.68 11 830 
120 8.31 7.62 -5.42 11 711 
130 7.70 8.21 -5.20 " 633 
140 7.14 8.84 -4.86 " 549 
150 6.67 9.41 -4.53 " 481 
160 6.25 9.97 -4.37 " 438 
170 5.88 1.05(10) -4.18 " 399 
180 5.56 1.10 " -3.94 " 358 
190 5.26 1.12 " -3.76 " 334 
200 5.00 1.15 " -3.65 " 318 
220 4.54 1.18 " -3.42 " 290 
240 4.17 1.18 " -3.06 " 259 
260 3.85 1.16 " -3.05 " 262 
266 3.76 1.15 " -3.14 " 273 
280 3.57 1.10 » -2.75 " 250 
300 3.33 9.36 -2.18 » 233 
293 3.41 1.08(10) -2.66 " 247 
316 3.17 8.28 -2.00 " 241 
338 2.96 5.32 -1.14 " 214 
(°K 
363 
397 
432 
455 
492 
511 
533 
560 
585 
606 
628 
651 
673 
697 
723 
734 
750 
780 
797 
796 
842 
807 
771 
738 
706 
Table 10. (Continued) 
1000/T 
(°K) -1 
Resistivity 
/° 
(ohm-cm) 
Hall 
coefficient 
R 
)R)/yO 
3 2 (cm /coulomb) (cm /volt-sec) 
2.76 3.15 -6.15(10) 
2.52 1.55 1 -2.59 " 
2.31 7.75(10) -1.16 " 
2.20 5.15 i! -6.79(10) 
2.03 2.75 1! -3.07 " 
1.96 2.11 it -2.21 " 
1.87 1.54 II -1.46 " 
1.79 1.11 it -9.53 
1.71 8.31(10)"^ -6.52 
1.65 6.6 7 II -4.93 
1.59 5.37 11 -3-57 
1.54 4.36 11 —2.66 
1.49 3.61 Ti -2.11 
1.43 2.99 !1 -1.69 
1.38 2.48 M -1 «34 
1.36 2.30 II -I.26 
1.33 2.06 II -8.37(10) 
1.28 1.72 II -6.63 " 
1.25 1.56 II -5.61 " 
1.25 1.56 11 -5.61 " 
1.19 1.20 II 
1.24 1,48 II — W 
1.30 1.89 It -6.38 " 
1.35 2.19 It -1.62 
1.42 2.77 11 -I.26 
-1 
? 149
132 
112 
105 
95.0 
85.9 
78.5 
74.0 
66.5 
61.1 
58.4 
56.4 
54.0 
54.8 
40.5 
38.6 
36.0 
36.0 
33.8 
74.0 
45.7 
Table 10. (Continued) 
Temperature 
T 
1000/T Resistivity 
/° 
Hall 
coefficient 
R 
JRI//C7 
( °K) ( °K ) ~1 (ohm-cm) (cm^/coulomb) 0 (cm /volt-sec) 
668 
629 
585 
1.50 
1.59 
1.71 
3.72(10)'2 
5.82 " 
7.09 " 
— — — — 
— — — — 
(°K: 
299 
82, 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
220 
240 
260 
280 
300 
298 
321 
349 
370 
408 
444 
Table 11. Resistivity and Hall coefficient of sample 8B-1 
1000/T Resistivity Hall |Rf//O 
o coefficient 
! R 1—1 1 £ (ohm-cm) (cm^/coulomb) p (cm /volt-sec) 
3.34 2.88(10)-2 3.08 107 
12.1 1.01 " 3.10 306 
11.1 1.04 " 3.85 369 
10.0 1.10 " 3.85 3^ 0 
9.09 1.16 " 3.73 322 
8.31 1.23 " 3.70 300 
7.69 1.32 " 3.29 250 
7.14 1.41 " 3.49 248 
6.6 7 1.50 " 3.11 207 
6.25 1.60 " 3.68 230 
5.88 1.69 " 3.53 209 
5.56 1.77 " 3.45 194 
5.26 1.85 " 3.69 199 
5.00 1.93 " 3.^ 2 182 
4.54 2.10 " 3.77 180 
4.17 2.28 " 3.68 161 
3.85 2.47 " 4.21 170 
3.57 2.70 " 3.61 134 
3.33 2.92 " 2.99 102 
3.36 3.38 " 2.96 87.6 
3.11 3.64 " 2.87 78.9 
2.86 4.03 " 2.67 66.4 
2.70 4.32 " 2.87 66.6 
2.45 4.88 » 2.39 48.9 
2.25 5.49 " 2.61 47.5 
Temperature 1000/T 
T 
( °K) («K)" 
479 2.08 
518 1.93 
545 1.83 
565 1.77 
590 1.69 
608 1.64 
633 1.58 
661 1.51 
685 1.46 
717 1.39 
741 1.35 
761 1.31 
780 1.28 
790 1.27 
813 1.23 
838 1.19 
859 1.16 
884 1.13 
901 1.11 
918 1.09 
934 1.07 
955 1.05 
975 1.03 
957 1.04 
940 1.06 
(Continued) 
Hall |R//yO 
coefficient ' 
R 
3 2 (cm-3/coulomb) (cm /volt-sec) 
3-33 55.1 
2.49 38.6 
1.49 , 
8.03(10) 1 
5.28(10)~2  
22.7 
12.3, 
.862 
-4.76(10)"! 8.34 
-8.77 " 17.7 
-9.72 " 23.8 
-I.05 1 30.8 
-9.09(10)-1 3^ .4 
-7.72 " 35.2 
-6.98 " 36.6 
-5.81 " 34.8 
-6.24 " 38.3 
-5.07 " 37.2 
-2.75 " 23.I 
-1.27 " 12.8 
-4.54 » 51.7 
-I.03 " 12.7 
-1.00 " 13.4 
-1.19 " 17.3 
-2.47 " 40.2 
-1.79 " 26.2 
-1.36 " 18.4 
Table 11. (Continued) 
Temperature 1000/T Resistivity Hall |R/ /p 
T /° coefficient 
R 
(°K) (°K)'1 (ohm-cm) (cm^/coulomb) 2 (cm /volt-sec) 
916 1.09 8.21(10 r3 -1.39(10)"! 16.9 
886 1.13 9.47 " p -I.72 " 18.1 
849 1.18 1.14(10) 
-2.56 " 22.4 
811 1.23 1.41 " 
-3.13 " 22.2 
771 1.30 1.83 " -4.77 " 26.0 
738 1.35 2.29 " -5.71 " 24.9 
695 1.44 3.18 " -8.98 " 28.2 
665 1.50 4.02 " 
-9.67 " 24.0 
637 1.57 4.87 " -9.14 " 18.8 
295 3.39 3-37 " 2.86 85.0 
( °K 
300 
84, 
90 
98 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
220 
240 
260 
280 
300 
299 
317 
347 
370 
400 
420 
Table 12. Resistivity and Hall coefficient of sample 9B-1 
1000/T Resistivity Hall IRJ//0 
coefficient p r 
— 1 o p (°K)~ (ohm-cm) (cnry coulomb) (cm /volt-sec) 
3.33 3.33(10)™! 3.76(10) 113 
11.9 8.19(10)-2 8.70 It 1062 
11.1 8.72 11 8.02 II 921 
10.2 8.81 II 7.72 II 876 
9.09 9.29 II 7.20 II 775 
8.31 9.93 II 1 6.95 II 700 
7.69 1.07(10) 6.40 II 598 
7.14 1.15 ft 6.11 tt 530 
6.6 7 1.26 11 5.79 II 461 
6.25 1.32 'Tt 5.59 tt 424 
5.88 1.47 It 5.38 tl 367 
5*56 1.58 ft 5.19 tl 329 
5.26 1.70 ft 4.87 11 286 
5.00 1.82 11 4.92 91 270 
4.54 2.11 II 4.41 II 208 
4.17 2.41 If 4.44 It 184 
3.85 2.72 tt 4.13 It 152 
3-57 3.05 tt 3.93 11 129 
3.33 3.42 It 3.63 It 95.3 
3-34 3.30 II 3.56 tl 108 
3.15 3.56 11 3.99 It 112 
2.88 4.07 ft 3.22 11 79.1 
2.70 4.43 tl 2.97 II 67.1 
2.50 4.87 11 2.36 tl 48.6 
2.38 4.98 11 1.55 If 31.1 
Table 12. 
Temperature 1000/T Resistivity 
( °K) (°K)~1 (ohm-cm) 
444 2.25 4.63(10) 
461 2.17 4.05 " 
476 2.10 3.44 " 
491 2.03 2.80 " 
500 2.00 2.45 " 
511 1.96 2.14 " 
525 1.91 1.77 " 
548 1.82 1.28 " 
570 1.75 9.63(10) 
597 1.68 7.09 " 
624 1.60 5.26 " 
644 1.55 4.36 " 
670 1.49 3.44 " 
692 1.44 2.87 " 
721 1.39 2.32 " 
741 1.35 2.02 " 
768 1.30 1.68 " 
793 1.26 1.45 " 
821 1.22 1.24 " 
850 1.18 1.07 " 
876 1.14 9.44(10) 
904 1.11 8.27 " 
937 1.07 7.19 " 
971 1.03 5.58 " 
1009 1.00 5.11 " 
(Continued) 
Hall |Rj//o 
coefficient 
R 
(cm3/coulomb) 2 (cm /volt-se 
1.42 3.07 
-7.69 19.0 
-1.18(10) 34.3 
-1.38 " 49.1 
-1.41 " 57.4 
-1.22 ™ 57.0 
-1.12 " 63.2 
-8.78 68.7 
-6.46 67.0 
-4.72 66.5 
-3.32 63.2 
-2.63 60.5 
-1.94 56.2 
-1.53 3^.3 
-1.11 47.9 
-1.07 , 52.9 
-7.15(10)" 42.6 
-5.44 " 37.6 
-4.12 " 33.3 
-2.83 " 26.4 
-2.41 " 25.6 
-1.93 " 23.3 
-1.42 " _ 19.8 
-9.25(10)" 16.6 
-4.53 " 8.87 
Table 12. (Continued) 
Temperature 
T 
(°K) 
1000/T 
(°K) - 1  
Resistivity 
P 
(ohm-cm) 
Hall 
coefficient 
R 
(cm3/coulomb) 
IRIZ/O 
o 
(cm /volt-sec) 
965 1.04 6.42(10) -1.69(10)"! 26.3 
920 1.09 8.28 " , -1.85 " 22.3 
296 3.38 3.37C10)"1 3.71(10) 110 
Table 13• Resistivity and Hall coefficient of sample 11B-1 
Temperature 
T 
( °K) 
1000/T 
CK)"1 
Resistivity 
P 
(ohm-cm) 
Hall 
coefficient 
R 
(cm3/coulomb) 
|Rl//o 
(cm2/volt-
299 , 3.35 6.3K10)"1 -2.49(10)2 395 
82.4 12.1 9.83(10)-2 
-4.05 " 4121 
9C.0 11.1 I.O5(IO)-I 
-3.88 " 3689 
95.0 10.5 1.12 " 
-3.77 " 3359 
100 10.0 1.19 " -3.68 " 3107 
110 9.09 1.36 " -3.63 " 2671 
120 8.31 1.54 11 -3.44 " 2237 
130 7.69 1.75 " -3.34 " 1908 
140 7-14 1.99 " -3.31 " 1667 
150 6.6 7 2.25 " -3.20 » 1420 
160 6.25 2.54 " 
-3.15 " 1242 
170 5.88 2.83 " -3.00 " 1063 
180 5.56 3.12 " -3.02 " 967 
190 5.26 3.44 " -2.91 " 847 
200 5.00 3-76 " -2.84 " 756 
220 4.54 4.43 " 
-2.75 " 621 
240 4.17 5.12 " -2.66 " 520 
260 3.85 5.70 " -2.40 " 420 
280 3.57 6.14 " -2.43 " 396 
300 3.33 6.46 " -2.37 " 367 
29$ 3-38 6.61 " -2.55 " 386 
316 3.17 6.87 11 -2.55 " 370 
348 2.87 7.36 " -2.36 " 321 
372 2.68 7.51 " -2.05 " 273 
398 2.51 7.07 " -1.59 " 224 
L 
439 
469 
498 
527 
546 
575 
597 
619 
645 
674 
693 
718 
737 
755 
774 
792 
810 
843 
880 
915 
958 
1005 
941 
900 
829 
Table 13• (Continued) 
1000/T Resistivity Hall IRJ//O 
y° coefficient R 
(°K)"1 (ohm-cm) (cm3/coulomb) 2 (cm /volt-sec 
2.28 4.86(10)-! -7.59(10) 156 
2.13 3.27 " -4.28 " 131 
2.01 2.19 " -2.41 » 110 
1.90 1.50 " -I.52 11 101 
1.83 1.18 " -1.10 " 92.9 
1.74 8.44(10)"2 -6.48 76.8 
1.67 6.72 " -5.H 76.0 
1.62 5.39 " -3.86 71.7 
1.55 4.21 " -2.62 62.1 
1.48 3.32 " -2.04 61.4 
1.44 2.84 " -1.58 55.7 
1.39 2.34 " -I.03 , 44.1 
1.36 2.06 " -8.17(10)" 39.6 
1.32 1.83 " -8.23 " 44.9 
1.29 1.64 " -6.55 " 39.9 
1.26 1.47 " -5.16 " 35.0 
1.23 1.34 " -4.78 " 35.8 
1.19 1.12 " . -3.56 " 31.7 
1.14 9.33(10)") -3.11 " 33.3 
1.09 7.90 " -I.50 " 19.0 
1.04 6.61 " -1.23 " 18.6 
1.00 5.31 " -1.06 " 19.9 
1.06 7.02 " -1.61 " 22.9 
1.11 8.44 " 0 -I.92 " 22 .7 
1.21 1.19(10)™^  
-3.75 " 31.5 
